Amaryllis plants (Hippeastrum hybrid, in the family Amaryllidaceae) are cultivated in Brazil mainly for bulb export. Studies about the nutrient accumulation dynamics by the species are yet incipient when considering Brazilian cultivation conditions. The objective was to determine the nutrient accumulation in amaryllis "Orange Souvereign" cultivated in the field. The experimental design was entirely randomized with four replications and 14 collection periods (at 30,
Introduction
Ornamental bulbous plants are herbaceous species that are morphologically characterized by regeneration structures located in underground storage organs, such as rhizomes, tubers, and bulbs [1] . This plant group is composed of more than 800 geni [2] ; one of them, Hippeastrum, is commonly known as amaryllis, lily, or empress flower [3] . Hippeastrum genus, belonging to the family Amaryllidaceae, comprises 70 to 90 species and more than 600 cultivars and hybrids; its origin center is Eastern Brazil [4] that holds 40 native species [5] .
Amaryllis inflorescences are terminal, with big flowers, and colors varying with species, hybrid, and variety, but ranging from dark red to white, green, orange, and corresponding mixtures [2] [4] [5] . Amaryllis plants are produced commercially as cut flowers, pot plants, or propagation material (bulb), besides being also used for gardening and landscaping [1] . In Brazil, amaryllis is marketed on a small-scale directly to the retail consumer as cut flowers, pot plants, and single bulbs; on the other hand, it is very much exported as bulbs [6] , so most of bulb production is destined to Netherlands [4] [7] . In general, 60% of the whole production is directed to the international market, while 40% is consumed in the country as pot plants and cut flowers [6] .
Several climatic and plant conditions are necessary to achieve amaryllis satisfactory growth and development. Therefore, physical and nutrition characteristics of the growing medium are fundamental for an economically feasible cultivation [8] . One way to monitor the need of a certain nutrient along plant cycle is the nutrient accumulation curve.
Studies on nutrient accumulation in plant parts are important to quantify nutritional requirements and indicate more appropriate periods for fertilization.
The curve of nutrient accumulation usually denotes fertilization according to the physiological stage of maximum absorption, so plants receive the total amount of required nutrients towards maximum production [8] . This results in lower fertilizer losses and toxicity risks [9] , with no damage to the environment or the crop.
Mineral nutrients, when considering the essentiality criteria, are equally important for crop production. However, there is a classification based on the rate of nutrient requirement that accumulates in plant dry matter and can be either macronutrients (N, P, K, Ca, Mg, and S) or micronutrients (B, Cu, Fe, Mn and Zn) [10] .
In Brazil, research on mineral nutrition for floriculture and ornamental plants are recent and highlight only few species. Therefore, our objective was to determine the nutrient accumulation (macro and micronutrients) in amaryllis (Hippeastrum hybrid "Orange Souvereign") along its cultivation cycle under field conditions.
Material and Methods
The experiment was conducted under field conditions at a commercial area of The applied agricultural practices related to pest, disease and weed control were those commonly administered. Therefore, all those cultivation operations necessary for crop development were implemented, including soil coverage with sugarcane bagasse with the aim to maintain soil temperature and moisture. Irrigation was performed by the sprinkler method, so the provided water amount varied with plant growth speed and soil water content; however, the soil surface layer was always moist.
Considering the results of soil analysis, liming was performed one month be- , respectively) was then calculated from data of plant dry matter and nutrient concentration.
Linear correlation between total plant dry matter and accumulated macro and micronutrients was calculated according to Pearson method.
Regression curves of nutrient accumulation (macro and micronutrients) according to days after planting were adjusted with the help of Origin 2016®
software [12] for sigmoidal Boltzmann equation ( 
Results and Discussion
Results are presented separately for leaves and bulb + roots because bulbs are marketed with roots, while leaves remain at the cultivation area, replacing part of the nutrients in the soil.
At 420 DAP (days after planting), greater amount of dry matter was located in the bulb + roots (52.3%), while leaves retained the remaining (47.6%) ( Table 1) .
Gladiolus plants (Gladiolus grandiflorus), which are also bulbous species, had, at the end of plant cycle after flowering, the following dry matter distribution: 44.9% in the aerial part (leaves + flower stem) and 55.1% in the corm + cormels (disregarding the root dry matter) [13] .
Average dry matter distribution was: 10.2% up to 210 DAP, that is, period referring to half of the cultivation cycle; 50.0% up to 330 DAP; and 86.2% up to 390 DAP ( Table 1 After evaluation of plant dry matter and nutrient concentration, amount of accumulated macro (N, P, K, Ca, Mg, and S) and micronutrients (B, Cu, Fe, Mn, and Zn) was calculated along its 420-day amaryllis cultivation cycle ( Figure 1 and Figure 2) .
Results of regression analysis for data of nutrient accumulation in amaryllis "Orange Souvereign" according to its cultivation cycle are shown in Table 2 .
Values of x0 represent the moment that plants most require nutrients, reducing such demand after it; these values show then a change on absorption metabolism and nutrient accumulation. Along the 420-day amaryllis cultivation cycle, some x0 values are high for N, P, and B (Table 2 ). Such behavior is observed for these Higher potassium accumulation in corms + cormels (0.85 g•plant fertilization on gladiolus nutrition [13] . According to Table 3, amaryllis bulbs and leaves absorb and accumulate more macronutrients than gladiolus plants;
however, potassium was also the most accumulated macronutrient, both in bulb + roots and leaves. Therefore, for both species (amaryllis and gladiolus), potassium is the most absorbed and accumulated nutrient in all studied plant parts (leaves and bulbs).
Potassium is an enzymatic activating element; it does not belong to the prosthetic group, but it is necessary for enzymatic activity, so more than 50 enzymes are stimulated by this element [10] . Potassium also participates in nutrient translocation and composts for plant drains, such as reserve organs. In comparison with other macronutrients, there is higher potassium accumulation in bulbous species because their bulbs are reserve structures.
Regarding micronutrients, Fe was the most accumulated in leaves, bulb + roots, and in the whole plant (Table 3 ). This nutrient constitutes enzymes and is part of the prosthetic group, so it is necessary for enzymatic activity [10] . Main roles of micronutrients, with the exception of B and Cl, are to compose prosthetic groups of metal-proteins and act as activators of enzymatic functions [17] .
The accumulation of B, Cu, Fe, Mn, and Zn in gladioli was determined according to plant age and parts, and Fe was the most accumulated micronutrient [18] . The authors also state that for all studied nutrients, regardless plant age and part, highest accumulation occurred at the end of the development cycle, as we also verified for amaryllis plants. Amaryllis has a low nutrient requirement at initial stages, therefore, high nutrient levels should be avoided mainly at planting time [4] . In fact, amount of accumulated nutrients, with the exception of Mg, was higher at the end of the cultivation cycle, from 301 to 420 DAP (Table 4 ). In general, macronutrient accumulation presented a mean of 6.4% up to 150 DAP, 35.8% from 151 to 300 DAP, and 57.7% from 301 to 420 DAP; for micronutrients, there was an accumulation mean of 5.6% up to 150 DAP, 31.3% from 151 to 300 DAP, and 63.1% from 301 to 420 DAP (Table 4) . Therefore, greater supply of macro and micronutrients is needed at the last 120 days of amaryllis cultivation.
From all nutrients accumulated by amaryllis (Table 5) , K was the most accumulated macronutrient (1033.2 kg•ha −1 ) along the plant cultivation cycle, followed by N, Ca, S, Mg, and P. The most accumulated micronutrient was Fe (8.9 kg•ha −1 ), followed by Zn, Mn, B, and Cu. From the total applied of each nutrient per hectare, plants used the following percentage: 50.2% N; 53.3% P; 58.8% K; 18.1% Ca; 18.1% Mg; 19.1% S; 17.3% B; 2.4% Cu; 3.3% Mn; and 6.6% Zn.
The comparison among accumulation values of macro and micronutrients in bulb + roots (Table 3 ) and the total accumulated amount along the entire amaryllis cultivation cycle (Table 5) indicates that the following quantities of each nutrient were exported from the cultivation area with bulb + roots at harvest time, in kg•ha Fertilization applied along the 420-day cultivation cycle, at a commercial area of bulb production for exportation, reached the production goal, as bulbs had 9 cm diameter (Table 1) , size considered commercially appropriate for the amaryllis variety "Orange Souvereign". However, according to the percentage of each nutrient applied via fertilization and used by plants, it is still possible to proceed with adjustment of both nutrient amount and application time with the aim to optimize production and avoid damage to the environment.
Conclusions
Amount of macronutrients accumulated by amaryllis plants (Hippeastrum hybrid "Orange Souvereign") along the cultivation cycle, in g•plant For most of macro and micronutrients, maximum accumulation interval ranged from 301 to 420 days after planting, that is, occurred at the final stage of amaryllis cultivation cycle.
